Data on 186 Hereford heifers from five South Dakota ranches were collected to evaluate the relationships of pelvic structure and body measurements with calving difficulty (CD) and pelvic area. Body measurements obtained prebreeding and precalving included two internal pelvic and seven external rump measurements, three pelvic angles and two slope of rump measurements. A calving difficulty score (CDS) of 1 (unassisted) to 8 (Caesarean) was assigned at birth, and calf birth weight was recorded. Data were analyzed using both regression and discrirninant analyses. Stepwise regression analysis including all 49 variables showed that calf birth weight was the most important variable influencing CDS (R 2 = .33), with precalving pelvic area ranking second (cumulative R 2 = .45). Prediction equations that included all variables or only prebreeding variables accounted for 63% and 25% of the variation in CDS, respectively. Pelvic angles and slope of rump variables had low correlations with CDS and pelvic area. Ratios of prebreeding and precalving pelvic areas to calf birth weight significantly decreased as CDS increased. A prebreeding ratio of 4.7 cm ~/kg may be beneficial in selection of replacement heifers. In discriminant analyses, the most informative variable in differentiating among levels of CD was calf birth weight. All models significantly discriminated between two CD categories (assisted and unassisted). Models using prebreeding variables only performed as weU as those based on precalving variables. Percentage of cases correctly classified by prebreeding variables was 66.7%. In general, calf birth weight and precalving pelvic area accounted for the most variation in CDS, whereas external body measurements and pelvic angles did not explain significant additional variation. (Key Words: Discriminant Analysis, Dystocia, Heifers, Body Measurements, Pelvis.)
The relationships among external body measurements, internal pelvic area and CD are unclear. Bellows et al. (1971a) and Ward (1971) found that some external body measurements were correlated with pelvic area; however, Brown et al. (1982) found no significant relationship among external body measurements and pelvic dimensions. Limited information is available on slope of rump and pelvic structure (angles of the pelvis) and their relationship to internal pelvic area and CD.
Discriminant analysis is the appropriate multivariate technique for classifying cases in known groups. Morrison et al. (1985b) reported that discriminant analysis was capable of predicting a large percentage of dystocia cases. In contrast, Rutter et al., (1983) found a discriminant model no better than a regression analysis for predicting CD.
This study was designed to evaluate the relationships of pelvic structure and external body measurements taken prebreeding and precalving with pelvic area and CD in 2-yr-old heifers using both regression and discriminant analyses.
Materi al s and Met hods
Data were collected on 186 Hereford heifers from five South Dakota ranches beginning at 6 mo of age (weaning) through their first parturition as 2 yr olds. Only heifers that calved and had complete data sets were used in the analyses. These heifers were conventional replacement heifers used in South Dakota. After weaning, heifers were moved to the Cottonwood Experiment Station and were involved in studies of different levels of prebreeding nutrition. During a 50-d breeding season heifers were bred artificially to two Angus bulls that had low predicted offspring birth weights, which is ideal for use on first-calf heifers. Heifers were returned to their respective ranches prior to calving and were handled under similar management conditions. Data obtained at the experiment station included 6-mo weight, 8-mo weight, 8-mo weightto-hip-height ratio (WT/HT), first-winter average daily gain (ADG), prebreeding weight (13-too), condition score and 13-too WT/HT, second-summer ADG and 18-mo weight, condition score and WT/HT. Second-winter ADG, precalving weight, condition score and WT/HT (23-mo) were obtained on the ranches. Condition score was a visual estimate of body condition expressed on a scale of 1 to 9, with 1 being very thin and 9 being very fat.
Heifers were measured for internal pelvic and external rump dimensions before the breeding season (prebreeding, 13-mo of age) and before the calving season (precalving, 23-mo of age). Internal pelvic width and height measurements were obtained with a KrautmannLitton Bovine Pelvic Meter s . Pelvic width was the horizontal distance between the shafts of the ilium at the widest point. Pelvic height was the vertical distance between the pubic symphysis and the sacral vertebrae. Pelvic area was calculated as width x height.
External measurements taken were width of hooks, width of pins, hook to thigh joint, thurl height, hook to pin, thigh joint to pin and pin to tail. Figure 1 shows the location of these external body measurements and the pelvic angles. To obtain the external measurements, heifers were confined in a chute and allowed to stand as normally as possible. The hook and pin bones s Ed Krautmann, Livingston Vet Clinic, 245 South Washington, Chillicothe, MO 64601. and thigh joint were located, the hair clipped and the center of each marked with a grease pencil. A steel ruler-caliper was used to measure the distance between points. A carpenter's square was used to mark the point of the right angle between the hook and thigh joint for obtaining the thurl height measurement. The pin to tail measurement was obtained by holding the tail horizontal and measuring the distance from-the pin bone to the underside of the tail. The pelvic angles F, H and G and slope of rump were calculated using the external measurements in trigonometric equations. Angle F estimated the anterior slope of the ilia shafts. Angle FH was used to calculate slope of rump, which equaled 90 ~ minus Angle FH. Angle G estimated the angle or slope of the ischium floor. A score from 0 (no slope) to 3 (extreme slope) was assigned as a visual estimate of slope of rump at the same time the external measurements were collected. The visual estimate of slope of rump and condition scores were assigned by one person.
Calving difficulty scores (CDS) were assigned by each ranch manager. A scoring system from 1 to 8 was used: 1 = unassisted; 2 = straightened calf's legs, but calf delivered without assistance; 3 = hand assistance for 5 rain; 4 = hand assistance for 10 min; 5 = mechanical puller for 5 min; 6 = mechanical puller for 10 min; 7 = mechanical puller for 15 to 30 rain; 8 = Caesarean. Data from abnormal presentations were not included. Birth weight and gestation length were obtained and are referred to as postcalving variables.
Ratios of prebreeding and precalving pelvic areas to calf birth weight were calculated by dividing the pelvic area by the subsequent calf birth weight. These ratios were used to determine how calf size and pelvic opening, in combination, affected CD.
Regression analyses were performed using procedures described by SAS (1982) . Least squares means (generated by the General Linear Models Procedure) and residual correlations of variables were computed with ranch and prebreeding nutrition effects removed. Stepwise multiple regression was used to identify variables with the highest relationship to CDS irrespective of ranch or prebreeding nutrition. Ratios of pelvic area to calf birth weight were not included in the stepwise regression model because the components of these ratios were already included.
Discriminant analyses were performed using the Statistical Package for the Social Sciences (SPSSX, 1985) . Discriminant analysis was used to determine the F-ratios and Mahalanobis distances among levels of CD, first to determine if significant separation could be achieved, and second, to find a parsimonious set of pelvic and body measurements. Discriminant analysis was used as a classification procedure to determine the predictive capability of the discriminant functions (Johnson and Wichern, 1982) .
For the discriminant analysis, four models were used:Model 1 = all variables; Model 2 --prebreeding and precalving variables; Model 3 = precalving variables; and Model 4 --prebreeding variables. Because few calf deliveries were scored as 2, 4 or 6, the eight calving difficulty groups were condensed to five for the discriminant analyses:unassisted (1 and 2), hand pull (3 and 4), moderate pull (5 and 6), hard pull (7) and caesarean (8).
Results and Discussion
Least squares means and standard errors of all variables measured are shown in Tables 1  and 2 . Heifer weights averaged 391 kg prior to parturition, and calf weights averaged 33.3 kg at birth. Sixty-one percent of the heifers required some degree of assistance at parturition;this is higher than the 27 and 48% reported by Laster et al. (1973) and Bellows et al. (1971b) , respectively.
Regression Analyses
Calf birth weight was the first variable selected in a stepwise regression analysis, accounting for 33% of the variation in CDS (Table 3) . The cumulative R 2 value increased to .45 when precalving pelvic area was added to the model. Little addition variation was accounted for by adding precalving weight (cumulative R 2 = .49, P < .05). Including all variables in the model accounted for 63% of the variation in CDS. This value was higher than in other reports, but this could be expected because the model included more variables. Morrison et al. (1985a) reported an R 2 of .51 with 21 variables, whereas other studies using 8 to 14 variables explained 26 to 46% of the variation in CD (Bellows et al., 1971b; Laster, 1974; Rutter et al., 1983) . Prebreeding variables alone accounted for 25% of the variation in CD. A stepwise regression analysis ranked 8-mo WT/HT, pelvic area and pin width as the most important (P < .05) prebreeding variables influencing CD, with a cumulative R 2 of .16. Because many replacement heifers are selected based on weight, the relationships of prebreeding and precalving weights with CDS, calf birth weight and pelvic area were examined. Prebreeding and precalving heifer weights were correlated (P < .05) with calf birth weight (.34 and .34, respectively) but were not correlated significantly with CDS. Significant correlations of prebreeding pelvic area with prebreeding weight and precalving pelvic area with precalving weight were .56 and .50, respectively. Larger heifers have larger pelvic areas, but they also have larger calves. Selecting large heifers for replacements may have little effect on CD unless pelvic areas are known. Green (1985) found genetic relationships of pelvic area with heifer weight and hip height to be high and suggested that selection of heifers for increased pelvic area should be within a frame size. Burfening et al. (1978) reported that direct selection against large birth weights would not be as effective in reducing CD as selecting for ease of calving. Ratios of prebreeding and precalving pelvic area to calf birth weight decreased (P < .05) as CD increased (Figure 2) . The precalving pelvic area to calf birth weight ratio of 7.0 for heifers with no CD is similar to the value of 6.8 found by Deutscher (unpublished data). Short et al. (1979) reported that CD was below 50% when the pelvic area to calf birth weight ratio was above 8.4. The prebreeding ratio of 4.7 could be useful in replacement heifer selection. This ratio could be divided into the prebreeding pelvic area of a heifer to determine the calf birth weight the heifer could deliver as a 2 yr old even before breeding the heifer. Heifers could be selectively mated to specific bulls that would be expected to sire calves of an acceptable birth weight.
Residual correlations of external pelvic measurements with CD and internal pelvic measurements are shown in Tables 4 (prebreeding) and 5 (precalving). Hook width measurements had the highest correlation with internal prebreeding and precalving pelvic area of any of the external measurements. Hook-to-pin length had the second highest correlation with pelvic area. Precalving hook width, thigh-joint-to-pin length and hook-to-pin length were the only external measurements significantly correlated with CD. Doornbos et al. (1986) reported low repeatabilities of some linear body measurements between technicians; however, all measurements in this study were obtained by one experienced person. Pelvic angles, hypothesized to indicate pelvic structure, and the estimated and calculated slope of rump variables, in general, had low correlations with internal pelvic measurements and were not correlated with CDS.
Calving difficulty score was negatively correlated with prebreeding and precalving pelvic area. Similar correlations between CDS and pelvic area have been reported by Bellows et al. (197 lb) . Prebreeding and precalving pelvic areas were significantly correlated (.71), which suggests that prebreeding pelvic area could be used as an indicator of precalving pelvic area. Neville et al. (1978) reported that pelvic area growth was linear from 9 to 24 mo of age in heifers calving as 2 yr olds.
Discriminant Analyses
Model 1, which used all 49 variables, showed significant separation among all five groups except hard pull and caesarean (Table 6 ). The first two discrimant functions were significant. The centroids of the CD groups (Table 7) indicated that the CD categories were ordered within the discriminant functions. The first discriminant function, which accounted for 81.5% of the variation, was highly correlated with calf birth weight (.64). The second function, which accounted for 11.4% of the variation, was associated with gestation length (.61), 6-too heifer weight (-.36) 8-mo heifer Significant separation for all groups except between hard pull and caesarean could be achieved by calf birth weight and gestation length alone. However, the percentage correctly classified decreased to 46.7. Thus, calf birth weight and gestation length were more important than the prebreeding and precalving variables used in this study.
The percentage of correct classification in Model 1 (60.2%) was low. Morrison et al. (1985a) reported 87.4% correctly classified when levels of CD were grouped into assisted and unassisted categories using variables measured precalving and postcalving. When the current data were grouped into assisted and unassisted categories, the total percentage correctly classified increased to 85.5. The two groups were significantly separated, and the sole discriminant function was correlated most highly with calf birth weight (.42).
Model 2, which considered prebreeding and precalving variables, indicated a difference (P < .0001) between assisted and unassisted groups, but the percentage correctly classified decreased from 85.5 (Model 1) to 70.4. When all five CD levels were used, it was more difficult to distinguish between categories (Table 6 ). The unassisted group was still different from the other groups; however, of the remaining categories, only hand pull was significantly different from Caesarean. The percentage correctly classified was 50.0.
Model 3, which considered only precalving variables, separated assisted and unassisted classifications (P < .0053); however, it did not distinguish among all five categories (Table 6 ).
Only two variables showed potential for discriminating among the five categories: 18-mo condition score and 18-mo WT/HT.
Model 4, which considered only prebreeding variables, performed similarly to Model 2 (prebreeding and precalving variables) but better than Model 3, which considered only precalving variables. Separation was achieved between assisted and unassisted categories (P < .0001.), and percentage of correct classifications was 66.7. When all five CD levels were used, the percentage correctly classified was 50.0, and mainly the Caesarean group could not be distinguished from the rest (Table 6) .
Six prebreeding variables provided significant separation among the five CD levels:8-mo WT/ HT, pelvic width, pelvic height, width of pins, estimated slope of rump and pelvic angle F. In studies by Morrison et al. (1985a,b) , cow age and pelvic area or pelvic height were shown to be significant factors influencing CD in discriminant models. Increased width of pins and a level rump in the past have been considered to be desirable in visual selection of heifers. However, our data indicated that more slope of rump was associated with less CD. Pelvic angle F is a component of slope of rump.
The first discriminant function, which accounted for 63.2% of the variation, was significant. It was correlated with pelvic width (.50) and pelvic area (.44) as well as 8-too WT/HT (--.44) and estimated slope of rump (-.34). The second discriminant function, which accounted for 25.5% of the variation, was also significant. It was correlated with thurl height (-.59), pin width (.41), angle F (.76), angle H (--.37), angle G (.32) and angle FH (.31).
Regression and discriminant analyses both indicated that calf birth weight was the most important variable influencing CDS. When only prebreeding variables were studied, 8-mo WT/HT, pelvic area (or pelvic height and pelvic width) and pin width were the important variables common to both analyses.
The advantage of the discriminant analysis was that it gave information on the separateness of the groups and provided linear combinations of the variables. The discriminant functions are independent and have the potential to be interpreted in spite of the collinearity found in the original variables.
In summary, pelvic angles and slope of rump measurements were generally not related to CD or internal pelvic area. Some external measure-ments were correlated with internal pelvic area but were not consistently correlated to CDS. The prebreeding pelvic area (cm 2) to calf birth weight (kg) ratio of 4.7 cm2/kg could be used to estimate the weight of calf a heifer could deliver without difficulty. Reducing calf birth weight and increasing pelvic size in heifers appear to be the best methods for reducing calving difficulty in heifers.
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